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CIRCADIAN CHANGES IN THE INHIBITORY EFFECTS OF
AN ANTIHISTAMINIC DRUG IN MAN*t
ALAIN REINBERG, M.D., PaD. AND EDWIN SIDI, M.D.
Antihistaminic drugs can be evaluated in
man by studying the extent to which they in-
hibit local skin reactions to intradermally in-
jected histamine. Thus, Green (1), as well as
Dundas et al (2), compare the size of the skin
reactions to histamine injected intradermally
either after the administration of an antihista-
mine or following "control" injection(s). Con-
trol reactions are measured after a placebo or
Without any drug administration. Such proce-
dures are useful in evaluating the duration and
the intensity of the inhibitory effect of anti-
histaminic drugs. When applied Without tem-
poral considerations, these tests presume, how-
ever, at least a relative constancy along the
24-hour scale in 1) the skin response to a fixed
dose of histamine, and 2) in the absorption
and the metabolism of the antihistamine.
The first of the foregoing assumptions is no
longer warranted, since a eircadian rhythm
characterizes the skin responses to histamine (3,
4). This was shown previously on six appar-
ently healthy adults, standardized on a routine
of diurnal activity and nocturnal (24°°—08°° t)
rest. Rhythm profiles were obtained by sam-
pling at 4-hour intervals during different 24-
hour periods on the following functions, among
others: the area of erythema and wheal evalu-
ated at 20 minutes after the intradermal injec-
tion of 10 g of histamine, and, a week earlier
or later, of 35 g of 48/80, a histamine libera-
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* From the Foundation A. do Rothschild, Ser-
vice do Dermato-Allergie, 29, rue Manin, Paris.
France.
t Cireadian is derived from circa—about, and
dies—day. Use of the adjective "cireadian" in lieu
of "diurnal" removes the ambiguities associated
with the latter, when it is used to denote part of
the day (day-time versus night-time) and also the
entire day. Cireadian is used to emphasize that,
following certain manipulations of the organism or
of its environment, many physiological rhythms
show periods that deviate from exactly 24 hours by
a few minutse or hours. A rhythm with "exact" 24-
hour periodieity may be regarded as a special case
of circadian rhythm. (Halberg, 1960, Reinberg,
1964).
t Time is indicated according to international
scientific terminology, i.e., 01°' and 12°' correspond
to 1:00 a.m. and to noon, and 13°' and 24°° to 1:00
p.m. and to midnight, respectively.
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tor. Under the conditions of study, these end-
points reveal a statistically significant 24-hour
synchronized circadian rhythm. The rhythmic
changes in extent of cutaneous reactions were
synchronized roughly in phase with each other,
with a crest at about 23°° and a trough between
11°°i 5o
Cireadian changes in human skin reactivity
are only one example of the eircadian variations
of animal resistance or susceptibility to a fixed
stimulus. Under conditions standardized for
reproducibility, Franz Halberg (5, 6, 7) has
shown that the responsiveness of the total
organism to drugs—among other agents—
changes predictably along a 24-hour scale.
Therefore, there is question as to whether or
not the timing with regard to cireadian system-
phase should be considered in administering
antihistaminie drugs in studies of their inhibi-
tory effects on human skin responses to hista-
mine injection.
MATERIAL AND METHODS
Six apparently healthy subjects were studied:
two women, 42 and 21 years of age, a young girl,
15 years of age, and three men, 43, 20 and 16 years
of age. None suffered from any known allergic
condition.
The subjects were standardized for at least one
week before each of the three testing periods: they
stayed in bed at night (23°° to 07°°) and followed
their usual activities during the day, at home, in
the hospital or at school. All subjects ate their
customary diet without modification or restriction,
daily at 05°', 13°' and 20°'.
Profiles were obtained on each subject by sam-
pling at 4-hour intervals (instead of 2-hour inter-
vals as in our preliminary study (3)) during at
least three different 24-hour periods, in order to
evaluate any differences in skin reactions to hista-
mine as a function of circadian system phase.
A standard preparation of histamine dichlorhy-
drate, 100 sg/ml (Laboratoire Beytous, France)
was used. Each injection was of 10 cg in 0.1 ml
saline solution (trisodium citrate 0.045 mg, sodium
chloride 8.5 mg per 1 ml of distilled water). Injec-
tions were made exclusively on the flexor surface
of the forearms. The injection site was changed
each time, the distance between two different sites
being at least two inches.
As in the previous studies (3, 4), special care
was taken to standardize: 1) the mode of injee-
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tion: for any one subject, all intradermal injections
were made by the same physician, using precision
syringes and needles, and 2) the evaluation of the
exact areas of both wheal and erythema, at 15 to
20 minutes after each histamine injection. Precise
limits of both reactions were delineated on the
skin with a ballpoint pen, then reproduced on
transfer paper to be saved. From these drawings, it
is possible to quantify the reactions. Average values
were 22 sq cm (range 7 to 36) for the erythema
surface and 2.8 sq cm (range 1.1 to 5.8) for the
wheal surface.
Intradermal injections of histamine were made
at fixed hours: 07°', 11°', 15", 19°', 23°', 03°' and 07°'.
The circadian rhythms in skin responses remained
demonstrable even though, in this study, the clock
hour of the first injection was intentionally varied
from subject to subject, and even for a given sub-
ject from profile to profile.
For each subject, a first group of profiles (control
curves) was obtained on the circaclian variation of
skin reactions to histamine in the absence of any
antihistamine administration. A second and a third
group of profiles were obtained one and two weeks
afterwards, at the earliest—after a single oral dose
(4mg) of the antihistamine Periactine (Cypro-
heptadine Merck, Sharp and Dohme, USA). For
the second group of profiles, Periactine was taken
at 07°', for the third group this drug was taken at
1900. Two comments should here be made: 1) 07°'
HOURS
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Fin. 1. Circadian rhythms of skin reactions(areas of erythema—upper curve—and wheal—
lower curve) to intradermal injections of histamine(10 cg). Data of each function are expressed as
the mean percentile deviation for a group of six
healthy subjects. Shadowed areas represent plus
and minus one standard error of the mean.
and 19°' correspond to clock hours of drug prescrip-
tion (before breakfast and supper) that are widely
used in France, this circumstance being the main
reason for our choice; 2) three out of the six sub-
jects were submitted to placebo administration at
07°° and 1900, for the first profile, at 19°° for the
second profile and at 07°' for the third profile.
RESULTS
Figure 1 shows control curves obtained with-
out the administration of Periactine. A circndinn
snmpliutg for a given profile.
The administration of Periactine results in
more or less pronounced inhibition of the local
skin response to histamine. At each test time,
for each of the subjects, ono may compare the
skin responses after this treatment with those
obtained without Periactine. The changes in
response after Periactine administration,
whether erythema or wheal, can be expressed
at each test time for each individual as a per-
centage deviation from the control response.
Such a procedure allows a fairer comparison of
changes with time in individuals with different
skin reactivity to fixed doses of intradermally
injected histamine.
Figure 2 shows the individual inhibitory ef-
fects of the oral administration of Periactine,
when the single dose (4 mg) has been taken at
07°' or at 19°', these times being indicated by
rhythm in skin reactions to histamine—ery-
thema (top) or wheal (bottom)—is readily
apparent. A crest occurs at about 23°' and a
trough at about 07°°—1 1°'. These curves are
comparable to those obtained by us previously
on another group of 6 healthy subjects, despite
inter-group differences in the age and the sex
of the subjects. The group studied earlier, as
well as the subjects discussed in this paper, had
been standardized on the same routine, at
least for one week before the start of the
TIME (CLOCK
r°
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When Periaetine is taken at 07°', its inhibi-
tory effect on skin reactions to histamine—
erythema or wheal—is delayed. The maxima
of inhibition, revealed by the minima of the
curves in Figure 2, occur between 15°' and
23°'. When Periaetine is taken at 19°', the
maximal effect occurs regularly at 23°', i.e.,
within 4 hours after drug administration. How-
ever, the sampling interval used does not allow
for a precise definition of response time.
From the series of data on several individ-
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Foe. 2. Inhibitory Effects of Perinctine (single dose of 4 mg given at 07°° and 19°°—arrows)
on skin reactions (erythema—left, and wheal—right) to intradermal injection of histamine(10 /Lg). Results are expressed ns percentile deviation for each of the six subjects (see text).
Means are in heavy inked hnes.
uals, the duration of the inhibitory effect of
Perinctine, as a function of circadian system-
phase at the time of its administration, can be
determined. Deviations by 13% from the con-
trol value, or higher deviations, can be re-
garded as being statistically significant. Ac-
cording to this criterion, Table I shows that the
skin reactions to histamine arc inhibited for a
span of 15 to 17 hours, when Periactine is
given at 07°° and only for a span of 6 to 8
hours, when the antihistamine is given at 19°°.
Thus, under the conditions of this study, the
duration of the inhibitory effect of Periactine
seems to be dependent upon the timing of drug
administration.
Table II shows that the extent of inhibition
might be slightly higher when Periactine is
given at 19°°, instead of 07°°. These possible
differences in extent of inhibition, however,
await further work, on a larger sample of in-
dividuals.
TABLE I
Circadian system phose dependent difference in
duration of Periactine activity
Time of Periactine
adminisiration
Antihistaminjc effect
On erythema On wheal
Duration (houri)*
07
19
15.1 0.89 17.5 0.93
5.9 1.03 8.6 1.32
* Meao one standard error of the mean, com-
puted from data of six subjects on a nocturnal rest
schedule.
DIscussIon
Under the conditions of study, the duration
and the profile of antihistaminic activity of a
single fixed dose of Periactine in man depend
upon the timing of drug administration.
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TABLE II
inhibition of skin reactions to histamine by
Periactine administered at different times
Time of
Periactine
administra-
tion
Extent of "maximal" inhibition
Erythema Wheal
07°° —49
—42
6.4 (15°°)
7.3 (19)
—50
—51
8.1
6.7
(19°°)
(23°°)
19°° —59 3.5 (23°') —58 5.3 (23°°)
* Mean one standard error of the mean calcu-
lated from data of six subjects on a nocturnal
rest schedule. Results are expressed in percent
of inhibition. Time of evaluation of response in
parentheses (see text).
These results may be regarded as a new ex-
perimental extension of Hallberg's concept of
the hours of changing responsiveness (5, 6): "It
can he experimentally demonstrated that a fixed
amount of a given agent injected into the sane
body site is likely to result either in death or in
survival, as a function of the changing phase re-
lations among an organism's cireadian rhythms".
(5).
Concerning the reaction of the human or-
ganism to drugs, such a possibility has been
suspected by Menzel (8), by Anderson (9), and
by ourselves (10). If one wishes to determine
the time curve, including the duration of anti-
histaminic drug activity, it will be essential,
from a practical point of view to 1) standard-
ize, or at least consider, the mode of life of
the subjects to be studied, in addition to 2)
taking into consideration the clock-hour of the
drug administration. It is well known that the
human eireadian system can be phase-shifted,
by long maintained changes in mode of life
(5). The external timing (5) of these rhythms
is not reliably determined by a reference to
local time without indications of the so-called
synchronizer schedule (5). Therefore, the re-
sults here disclosed cannot be generalized to
subjects living on other schedules or to drug
administration at other clock hours and, of
course, one must not extrapolate to results of
testing procedures other than those used
herein.
Nevertheless, our results show that the
duration of a drug activity is dependent upon
the timing of its administration, the effect
varying with the phase of the circadian system
of a given subject. Circadian changes in the
reactivity of human skin to histamine or to a
histamine-liberator (4) and circadian changes
in some effects of antihistaminic drugs deserve
study for their eventual clinical application.
STJMMAEY
Six apparently healthy subjects were stand-
ardized for one week on a routine of diurnal
activity and nocturnal (23°°—07°°) rest. During
three different 24-hour spans, two functions
were studied at 4-hour intervals on each sub-
ject, i.e., the areas of erythema and wheal,
evaluated at 15 to 20 minutes after the intra-
dermal injection of 10 cg of histamine (flexor
surfaces of the forearms).
For each subject, a control curve was first
obtained on the circadian variation of skin re-
actions to histamine—in the absence of any
antihistaminic drug administration. A second
and a third group of profiles was obtained after a
single (4 rug) dose of oral Periactine, an anti-
histaminic drug. Periactine was taken at 07°'
for one of these last profiles and at 19°' for the
other one. The changes in responses after
Periactine administration were expressed as a
percentage deviation from the control re-
sponses. The antihistaminic effect of Periactine
administered at 07°' lasted for 15 to 17 hours.
This inhibitory effect lasted only 6 to S hours
when the drug was taken at 19°'. The duration
of this drug activity depends upon the timing
of its administration, in keeping with F. Hal-
berg's concept of the hours of changing respon-
siveness.
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